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TRANSMISSION CONTROL TO AVOID GAIN
SWITCH DURING SHIFT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. provisional
application Ser. No. 62/414,348 filed Oct. 28, 2016, the

disclosure of which 1s hereby 1incorporated 1n 1ts entirety by
reference herein.

TECHNICAL FIELD

This disclosure relates to the field of control systems for
automatic transmissions for motor vehicles. Specifically, the
disclosure relates to control of a transmission 1 which
clutch gain varies dependent on line pressure.

BACKGROUND

Many vehicles are used over a wide range of vehicle
speeds, 1ncluding both forward and reverse movement.
Some types of engines, however, are capable of operating
ciliciently only within a narrow range of speeds. Conse-
quently, transmissions capable of efliciently transmitting
power at a variety of speed ratios are frequently employed.
When the vehicle 1s at low speed, the transmission 1s usually
operated at a high speed ratio such that 1t multiplies the
engine torque for improved acceleration. At high vehicle
speed, operating the transmission at a low speed ratio
permits an engine speed associated with quiet, fuel eflicient
cruising. Typically, a transmission has a housing mounted to
the vehicle structure, an mnput shaft driven by an engine
crankshaft, and an output shaft driving the vehicle wheels,
often via a differential assembly which permits the left and
right wheel to rotate at slightly different speeds as the
vehicle turns.

Discrete ratio transmissions are capable of transmitting,
power via various power flow paths, each associated with a
different speed ratio. A particular power tlow path 1s estab-
lished by engaging particular shift elements, such as
clutches or brakes. Shifting from one gear ratio to another
involves changing which shift elements are engaged. In
many transmissions, the torque capacity of each shiit ele-
ment 1s controlled by routing fluid to the shift elements at
controlled pressure. A controller adjusts the pressure by
sending electrical signals to a valve body.

In addition to controlling the torque capacity of the shift
clements, the valve body provides tluid for other purposes.
These include providing tluid for lubrication and providing
fluid to a torque converter. The tluid absorbs heat that 1s
generated by friction within the transmission. Typically, the
fluid 1s pressurized and circulated by an engine driven pump.

SUMMARY OF THE DISCLOSURE

A transmission includes a plurality of hydraulically con-
trolled shift elements, a valve body, and a controller. The
valve body 1s configured to route fluid at controlled pressure
from a line pressure circuit to the shift elements. The valve
body includes a gain control valve configured to alter a
relationship between a commanded current and a resulting,
shift element torque capacity 1n response to a pressure 1n the
line pressure circuit exceeding a switching threshold.
Between shiits, the controller 1s programmed to set the
pressure 1n the line pressure circuit as a function of a turbine
torque. During a shift, 11 the turbine torque is less than the
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threshold at the beginning of the shift, the controller limits
an engine torque level throughout the shift such that the gain
control valve does not change state. If the turbine torque
exceeds a threshold at a beginning of the shift, the controller
may maintain the pressure in the line pressure circuit above
the switching threshold throughout the shift. The gain con-

trol valve may adjust the gain of a shift element that 1s an
oncoming element for the shift or 1s a holding element for

the shift.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a transmission system.

FIG. 2 1s a schematic diagram of a transmission gearing
arrangement suitable for the gearbox of the transmission
system of FIG. 1.

FIG. 3 1s a high level schematic diagram of a hydraulic
control system suitable for use with the transmission system
of FIG. 1.

FIG. 4 15 a schematic diagram of a fluid supply subsystem
of the hydraulic control system of FIG. 3.

FIG. 5 1s a schematic diagram of a first portion of a clutch
control subsystem of the hydraulic control system of FIG. 3
suitable for use to control four of the shift elements of the
gearing arrangement of FIG. 2.

FIG. 6 1s a schematic diagram of a second portion of a
clutch control subsystem of the hydraulic control system of
FIG. 3 suitable for use to control two of the shift elements
of the gearing arrangement of FIG. 2.

FIG. 7 1s a flow chart for controlling transmaission line
pressure.

FIG. 8 15 a flow chart for calculating the maximum engine
torque to avoid a gain switch during a shait.

DETAILED DESCRIPTION

Embodiments of the present disclosure are described
herein. It 1s to be understood, however, that the disclosed
embodiments are merely examples and other embodiments
can take various and alternative forms. The figures are not
necessarily to scale; some features could be exaggerated or
minimized to show details of particular components. There-
fore, specific structural and functional details disclosed
herein are not to be interpreted as limiting, but merely as a
representative basis for teaching one skilled 1n the art to
variously employ the present invention. As those of ordinary
skill in the art will understand, various features illustrated
and described with reference to any one of the figures can be
combined with features illustrated 1n one or more other
figures to produce embodiments that are not explicitly
illustrated or described. The combinations of features 1llus-
trated provide representative embodiments for typical appli-
cations. Various combinations and modifications of the
features consistent with the teachings of this disclosure,
however, could be desired for particular applications or
implementations.

FIG. 1 schematically illustrates a vehicle transmission.
Bold solid lines represent mechanical power flow connec-
tions. Thin solid lines represent the flow of hydraulic fluid.
Dashed lined represent the flow of information signals.
Power 1s supplied at input shait 10, generally from an
internal combustion engine crankshaft. Flmd coupling 12
includes an impeller driveably connected to mput shatt 10
and a turbine driveably connected to turbine shait 14. Power
1s transmitted from the impeller to the turbine via moving
fluid whenever the impeller rotates faster than the turbine.
Fluid coupling 12 may be a torque converter which also
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includes a stator which redirects the tluid when the impeller
1s rotating substantially faster than the impeller such that the
turbine torque 1s a multiple of the impeller torque. Gearbox
16 includes gearing and shift elements configured to estab-
lish various power flow paths between turbine shait 14 and
output shaft 18. Each power tlow path may be established by
engaging an associated subset of the shift elements. At low
vehicle speed, a power tlow path providing torque multipli-
cation and speed reduction between the turbine shait and the
output shaft may be established to optimize vehicle perfor-
mance. At higher vehicle speeds, a power flow path provid-
ing speed multiplication may be established to minimize tuel
consumption.

The shift elements within gearbox 16 are engaged by
supplying hydraulic fluid at an elevated pressure to a clutch
apply chamber. Each shift element may include a clutch
pack having friction plates splined to one component inter-
leaved with separator plates splined to a different compo-
nent. The fluid forces a piston to squeeze the clutch pack
such that frictional force between the Iriction plates and the
separator plates couples the components. The torque capac-
ity of each shiit element varies 1n proportion to changes 1n
the fluid pressure. Pump 20, driven by input shatt 10, draws
fluid from sump 22 and delivers it at an elevated pressure to
valve body 24. Valve body 24 delivers the fluid to the clutch
apply chambers at a pressure controlled in accordance with
signals from powertrain controller 26. In addition to the fluid
provided to clutch apply chambers, valve body provides
fluad for lubrication and provides fluid to torque converter
12. The fluid eventually drains from gearbox 18 back to
sump 22 at ambient pressure.

An example transmission 1s schematically illustrated 1n

FIG. 2. The transmission utilizes four simple planetary gear
sets 30, 40, 50, and 60. Sun gear 36 1s fixedly coupled to sun
gear 46, carrier 32 1s fixedly couple to ring gear 68, ring gear
48 1s fixedly coupled to sun gear 56, ring gear 58 1s fixedly
coupled to sun gear 66, turbine shaft 14 1s fixedly coupled
to carrier 42, and output shaft 18 1s fixedly coupled to carrier
62. Ring gear 38 1s selectively held against rotation by brake
70 and sun gears 36 and 46 are selectively held against
rotation by brake 72. Turbine shaft 14 1s selectively coupled
to ring gear 38 and sun gear 66 by clutch 74. Intermediate
shaft 28 1s selectively coupled to carrier 52 by clutch 76,
selectively coupled to carrier 32 and ring gear 68 by clutch
78, and selectively coupled to ring gear 48 and sun gear 56
by clutch 80. A suggested ratio of gear teeth for each
planetary gear set 1s listed 1n Table 1.

TABLE 1
Ring 38/Sun 36 2.20
Ring 48/Sun 46 1.75
Ring 538/Sun 56 1.60
Ring 6&8/Sun 66 3.70

As shown 1n Table 2, engaging the clutches and brakes 1n
combinations of four establishes ten forward speed ratios
and one reverse speed ratio between turbine shaft 14 and
output shait 18. An X indicates that the clutch 1s required to
establish the speed ratio. An (X) indicates the clutch can be
applied but 1s not required to establish the power tlow path.
In 1°° gear, either clutch 78 or clutch 80 can be applied
instead of applying clutch 76 without changing the speed
ratio0. When the gear sets have tooth numbers as indicated in
Table 1, the speed ratios have the values indicated 1n Table

2.
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4
TABLE 2
A B C D E F
70 72 R0 76 74 78 Ratio Step
Rev X X X X 479  102%
Park X X X
157 X X (X) X 4.70
pnd X X X X 2.99 1.57
34 X X X X 2.18 1.37
4 X X X X 1.80 1.21
5 X X X X 1.54 1.17
67 X X X X 1.29 1.19
7 X X X X 1.00 1.29
g% X X X X 0.85 1.17
QU X X X X 0.69 1.24
107 X X X X 0.64 1.08

Parking pawl 82 selectively couples output shaft 18 to the
transmission case to prevent vehicle movement when the
vehicle 1s parked. Unlike shiit elements 70-80, parking pawl
82 1s designed to remain engaged without any external
power once engaged. As 1llustrated in Table 2, shift elements
70, 72, and 80 may be engaged when the transmission 1s 1n
Park. This combination does not establish a power flow path
between turbine shait 14 and output shaft 18. However,
having several clutches already applied decreases the num-
ber of clutch engagements required to transition into reverse
or Ist gear. Other combinations of three or fewer shiit
clements would also provide this benefit

FIG. 3 schematically 1llustrates a hydraulic control system
suitable for the transmission of FIG. 1 with the gearing
arrangement of FIG. 2. Solid lines represent the tflow of fluid
and dashed lines represent information signals. A collection
of fluid passageways connected to transport fluid such that
the pressure 1s substantially equal at various locations within
the collection may be called a hydraulic circuit. Slight
variation in pressure within a hydraulic circuit may occur
due to parasitic viscous drag of flowing flmd. A hydraulic
circuits may be connected to another hydraulic circuit by an
orifice that permits some fluid flow between the circuits but
intentionally limits the flow rate and creates an intentional
pressure differential when tlow occurs. Hydraulic circuits
may also be connected to one another by valves. A valve
may block flow between the circuits 1n some circumstances,
permit iree flow with negligible pressure drop in other
circumstances, and permit limited flow with intentional
pressure drop in yet other circumstances.

Flmd supply subsystem 100 provides fluid at elevated
pressure 1n three circuits: a pump output circuit 102, a line
pressure circuit 104, and an LP Citrl circuit 106. The pressure

in these circuits varies 1n response to control signals from
controller 26. Pump output circuit 102 and line pressure
circuit 104 are designed to accommodate high fluid tlow
rates with minimal parasitic pressure drop. Clutch control
subsystem 108 regulates the pressure in six clutch apply
circuits, 110 through 120 to a pressure less than line pressure
in response to signals from controller 26. Each of the six
clutch apply circuits routes tluid to the apply chamber of one
of the six shift elements of FIG. 2 respectively. Park control
subsystem 122 mechanically engages and disengages park-
ing pawl 82 in response to variations in the pressures in the
clutch apply circuits. Converter/lube control subsystem 124
regulates the pressure and tlow 1n a lubrication circuit 126,
a torque converter clutch apply circuit 128, and a torque
converter clutch release circuit 130. The structure and opera-
tion of each of these subsystems 1s discussed 1n more detail
below.
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FIG. 4 schematically illustrates the fluid supply subsys-
tem 100. Similar fluid supply subsystems are discussed in
U.S. Patent Application Publications 2013/0014498 and
2013/0017112 which are incorporated by reference in their
entirety herein. Pump 20, which 1s driven by the transmis-
sion input shaft, draws fluid from sump 22 and delivers the
fluid to pump output circuit 102. Pump 20 1s a positive
displacement pump. Disregarding leakage, positive dis-
placement pumps deliver a certain amount of fluid per
revolution of the pump shaft regardless of the relative
pressure at the pump inlet and pump outlet. The torque
required to rotate the pump shaift increases as the pressure at
the pump outlet increases relative to the pressure at the inlet.
The amount of fluid delivered per revolution 1s called the
pump displacement. The displacement of pump 20 varies
within predefined limits based on the pressure 1n displace-
ment decrease circuit 140.

During normal operation, anti-backtlow valve 142 1s open
such that fluid flows freely from the pump outlet circuit 102
to the line pressure circuit 104 and the pressure in the two
circuits 1s substantially equal. The controller adjust the
pressure 1n these two circuits by sending a command to line
pressure Variable Force Solenoid (VFES) 144. Fluid flows
from the pump out circuit 102, through an orfice 146,
through a valve opening 1n line pressure VFS 144 and then
into LP Citrl circuit 106. The pressure drop from the pump
output circuit 102 to the LP Cirl circuit 106 varies depending
upon the size of the opening 1n line pressure VES 144. The
s1ze of the opening 1n line pressure VFS 144 varies based on
movement of a spool. Electrical current from controller 26
creates a magnetic force on the spool tending to enlarge the
opening. Flud 1n the LP Ctrl circuit 106 acts on an area of
the spool to create a force tending to reduce the size of the
opening. An equilibrium 1s reached at which the pressure 1n
the LP Ctrl circuit 106 1s proportional to the electrical
current.

Main regulator valve 148 adjusts the displacement of
pump 20 in order to maintain the pressure in pump out
circuit 102 proportional to the pressure in the LP Ctrl circuit
106. Pressure 1n the LP Cirl circuit 106 generates a force on
a spool 1n main regulator valve 148. Pressure in the pump
out circuit 102 generates a force on the spool valve 1n the
opposite direction. When the pressure in the pump out
circuit 102 exceeds the pressure 1in the LP Cirl circuit, the
spool moves to allow flow from pump out circuit 102 to
displacement decrease circuit 140. Pressure in circuit 140
causes a reduction in the tlow rate from pump 20 nto the
pump out circuit 102. Components fed by the pump out
circuit 102 and the line pressure circuit 104 establish a
relationship between the pressure in these circuits and the
flow rate. Consequently, the reduction 1n flow rate results 1n
a reduction in the pressure 1 pump out circuit 102 until an
equilibrium 1s reached.

When the vehicle 1s stopped, such as when waiting at a
traflic light, powertrain controller 26 may shut off the engine
to conserve fuel. When the driver again demands torque by
releasing the brake and depressing the accelerator pedal, the
controller restarts the engine. In order to respond quickly
alter the engine 1s restarted, it 1s important to maintain some
clutches 1n an engaged state. Fluid flow to maintain these
clutches 1s provided by electrically driven pump 150 which
directly feeds line pressure circuit 104. During engine shut-
down periods, controller 26 adjusts the pressure 1n line
pressure circuit 104 by controlling the speed of the electric
motor driving pump 150. Controller 26 stops supplying
current to line pressure VES 144 causing the pressure in LP
Ctrl circuit 106 to drop to ambient pressure. In response to
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this reduction 1n LP Citrl pressure, anti-backtlow valve 142
closes to prevent flow from line pressure circuit 104 to pump
out circuit 102. Therefore, when the engine 1s shut down, the
pressure 1n pump out circuit 102 drops to ambient pressure.

FIGS. 5§ and 6 schematically illustrate the clutch control
subsystem 108. Controller 26 adjusts the torque capacity of
cach clutch by adjusting an electrical current to a corre-
sponding solenoid. During a shift, accurate control of the
torque capacity of the on-coming and ofl-going clutches 1s
very important. The relationship between changes in the
clectrical current and changes 1n torque capacity 1s called the
gain. 11 the gain 1s too high, then accuracy of torque capacity
control suffers. The torque capacity of engaged clutches
while 1n a fixed gear or holding clutches during a shift must
be maintained higher than the transmitted torque in order to
avold clutch slip. Sometimes, these requirements are 1n
tension with one another. For example, 1n reverse, the torque
capacity of brake A must be maintained at more than three
and a half times the gearbox input torque. In 6” gear, on the
other hand, the torque transmitted by brake A 1s less than
30% of the gearbox 1nput torque. Brake A is the ofl-going
element in a shift from 6” gear to 7 gear. During this shift,
which may occur at relatively low gearbox input torque, a
low gain 1s required. However, this same low gain would not
be suitable 1n reverse gear at relatively high gearbox input
torque.

FIG. § illustrates the components that control four of the
s1X shift elements of the gearing arrangement of FIG. 2, CL
AT0,CLB 72, CL C 80, and CL F 78. Each clutch apply
circuit 1s controlled by the combination of a Casting-Inte-
grated Direct-Acting Solenoid (CIDAS) 160, 162, 164, or
166 and a corresponding latch valve 168, 170, 172, or 174.
Each CIDAS controls the pressure in a corresponding con-
trolled pressure circuit 176, 178, 180, or 182 1n response to
a control signal from controller 26. Each latch valve con-
nects a clutch apply circuit to a corresponding controlled
pressure circuit when the pressure in the controlled pressure
circuit 1s below a threshold and connects the clutch apply
circuit to line pressure circuit 104 when the controlled
pressure 1s above the threshold. This arrangement enables
use of a low gain during shift events and yet provides high
torque capacity at other times. The thresholds and gains may
vary among the various clutches. When a controlled pressure
1s commanded to zero, the CIDAS valve connects the
controlled pressure circuit to clutch exhaust circuit 184
which provides a path for flmd to escape from the clutch
apply chamber to de-stroke the clutch piston. FElevated
exhaust circuit 186 provides a supply of fluid at very near
ambient pressure. The structure and operation of a CIDAS/
latch valve combination 1s described in detail in U.S. Patent
Application Publication 2013/0026401 which is incorpo-
rated by reference 1n 1ts entirety herein.

FIG. 6 illustrates the components that control the other
two of the six shift elements of the gearing arrangement of
FIG. 2, CL D 76 and CL E 74. Fluid flows from line pressure
circuit 104, through an opening in Clutch D CIDAS 190 into
Clutch D apply circuit 116. The size of the opening varies
depending upon the position of a spool mn CIDAS 190. An
clectrical signal from controller 26 creates a magnetic force
pushing the spool 1 one direction tending to increase the
s1ze of the opening. Fluid 1n the clutch D apply circuit 116
acts on an area of the spool tending to push the spool 1n the
opposite direction and reduce the size of the opening.
Additionally, fluid 1n the clutch D feedback circuit 192 acts
on a second area also tending to reduce the size of the
opening. The pressure drop between the line pressure circuit
and the clutch D apply circuit 1s related to the size of the
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opening. An equilibrium 1s reached at which the pressure 1n
the clutch D apply circuit 1s proportional to the electrical
current. The coeflicient of proportionality, or gain, 1s deter-
mined by gain control valve 194. When the pressure 1n the
LP Citrl circuit 106 1s above a threshold, gain control valve
194 connects the clutch D feedback circuit 192 to the
clevated exhaust circuit 186. In this condition, the gain 1s
relatively high because the pressure 1n the clutch D apply
circuit acts only on the first area of the spool. When the
pressure 1n the LP Ctrl circuit 106 1s below the threshold,
gain control valve 194 connects the clutch D feedback
circuit 192 to the clutch D apply circuit 116. In this condi-
tion, the gain 1s relatively low because the pressure i the
clutch D apply circuit acts only on both the first and second
areas of the spool. Similarly, clutch E CIDAS 196 and gain
control valve 194 cooperatively control the pressure in
clutch E apply circuit with two different gains. The structure
and operation of a combination of valves 190, 194, and 196
1s described 1n detail in U.S. Patent Application Publication
2014/0182693 which 1s imcorporated by reference in 1its
entirety herein. Blowoll valve 198 exhausts the clutch
exhaust circuit 184 from all six clutches to the sump,
maintaining a slight positive pressure such that the circuit
does not become evacuated.

FIG. 7 illustrates an exemplary process for controlling
line pressure. This process 1s executed at regular intervals,
such as 1n response to an interrupt that occurs every 100 ms.
At 210, the transmission controller receives an estimate of
the current engine torque output from the engine controller.
At 212, the controller estimates the current turbine torque
based on the engine torque, the state of the torque converter
lockup clutch, measured speeds of the torque converter
turbine and impeller (or engine), known torque converter
characteristics (K factors, etc.), elements inertias, measured
acceleration rates, etc. At 214, the controller calculates the
torque transmitted by each of the six clutches. (For purposes
of this discussion, no distinction 1s made between clutches
and brakes.) For each gear ratio, the ratio of clutch torque to
turbine torque 1s determined 1n advance based on the kine-
matic arrangement and the number of teeth on each gear.
(The exact torque can vary slightly from this ratio due to
clutch drag and element inertia.) For disengaged clutches,
the ratio 1s zero. During the torque phase of a shift, the ratio
gradually changes from the initial ratio to the final ratio. For
simplicity, the greater of the two ratios may be selected.
During the inertia phase of a shift, the ratio of the higher
numbered gear applies (the destination gear for an upshiit
and the mitial gear for a downshiit).

At 216, the controller determines the pressure required for
the torque capacity of each clutch to equal the clutch torque.
The pressure and the torque capacity are related by a
different transfer function for each clutch. The transfer
function 1s predominantly determined by physical properties
of the clutch, such as piston area, but may also vary based
on noise factors that influence friction coeflicient or other
parameters. The control strategy may adapt the transier
function 1n response to measured responses during events
such as shifts to account for these noises. At 218, the
commanded line pressure 1s calculated by taking the maxi-
mum ol the six clutch pressures and a minimum line
pressure. The minimum line pressure ensures that, at low
turbine torque, the line pressure 1s not set too low for some
of the other functions such as torque converter feed, lubri-
cation, etc. At 220, the transmission controller sets the
current to the Line Pressure VFS to command the required
line pressure with some margin.
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If the engine torque varies during a shift event, the line
pressure will also vary during the shift event. As discussed
with regard to FIG. 6, a vanation 1n the line pressure can
result in the gain for the D and E clutches changing. If either
of these clutches 1s an off-going clutch or an oncoming
clutch for the shift, the change 1n gain will cause the clutch
torque to diverge from the intended clutch torque, causing a
rough shift. As shown in Table 2, these two clutches are
involved in many shifts. Even when one of these clutches 1s
held throughout the shift, the changing gain may cause a
torque disturbance. Therefore, 1t 1s desirable to avoid gain
switching during a shift event.

FIG. 8 illustrates a method of preventing a gain switch
during a shift. This process 1s executed in response to a shiit
being scheduled, prior to executing the shift. At 230, the
controller calculates the torque capacity each of the six
clutches would have 11 they were supplied with pressure
equal to the line pressure at which the gain switches. These
values are computed using the transfer functions for each
clutch, which may have been adapted to account for recently
observed behavior. At 232 and 234, these torque values are
reflected to the turbine shaft by dividing by the ratios for the
initial gear and the destination gear respectively. For the
oncoming clutch, the ratio for the imitial gear 1s zero.
Similarly, for the off-going clutch, the ratio for the destina-
tion gear 1s zero. At 236, the turbine torque corresponding to
the gain switch 1s calculated by taking the minimum of these
values. At 238, the controller calculates the engine torque
corresponding to the turbine torque calculated at 236. This
1s essentially the mnverse of the calculation performed at 212
of FIG. 7. An 1terative calculation method may be required.

Depending on how the current engine torque compares to
the calculated engine torque for a gain switch, the controller
either ensures that the low gain 1s maintained throughout the
shift or that the low gain 1s maintained throughout the shait.
At 240, if the current engine torque 1s less than the switching
torque by more than a threshold, the method proceeds to
242 . At 242, a maximum engine torque 1s calculated that will
ensure that the engine torque stays less than the gain
switching torque. This value 1s communicated to the engine
controller at 244. As long as the engine controller prevents
the engine torque from exceeding this level, the line pressure
calculated by the method of FIG. 7 will keep the gain at the
low level. After the shift completes, the maximum engine
torque 1s reset to 1ts previous value. If, at 240, the current
engine torque exceeds or 1s within a threshold of the
switching torque, the method proceeds to 246. At 246, the
minimum line pressure 1s set to the switching pressure plus
a margin. This ensures that the line pressure command
calculated at 218 of FIG. 7 1s always high enough to select
the high gain. After the shift, the minimum line pressure 1s
returned to its previous value.

While exemplary embodiments are described above, 1t 1s
not intended that these embodiments describe all possible
forms encompassed by the claims. The words used in the
specification are words of description rather than limitation,
and 1t 1s understood that various changes can be made
without departing from the spirit and scope of the disclosure.
As previously described, the features of various embodi-
ments can be combined to form further embodiments of the
invention that may not be explicitly described or 1llustrated.
While various embodiments could have been described as
providing advantages or being preferred over other embodi-
ments or prior art implementations with respect to one or
more desired characteristics, those of ordinary skill in the art
recognize that one or more features or characteristics can be
compromised to achieve desired overall system attributes,
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which depend on the specific application and implementa-
tion. As such, embodiments described as less desirable than
other embodiments or prior art implementations with respect
to one or more characteristics are not outside the scope of the
disclosure and can be desirable for particular applications.

What 1s claimed 1s:

1. A powertrain control method comprising:

between shiits, setting a line pressure as a function of a

turbine torque wherein the turbine torque exceeding a
threshold results 1n a line pressure that triggers a gain
control valve to increase a shiit element gain; and

in response to the turbine torque being less than the

threshold at a beginning of a shift, limiting an engine
torque throughout the shift to maintain the turbine
torque below the threshold.

2. The powertrain control method of claam 1 further
comprising;

in response to the turbine torque being greater than the

threshold at the beginning of the shift, maintaining the
line pressure high enough throughout the shift to main-
tain the gain control valve at the increased shift element
gain level.

3. The powertrain control method of claim 1 wherein the
shift element gain 1s associated with a shift element that 1s
in an engaged state throughout the shiit.

4. The powertrain control method of claim 1 wherein the
shift element gain 1s associated with an oncoming shift
clement for the shaiit.

10

15

20

25

10



	Front Page
	Drawings
	Specification
	Claims

